South Africa is experiencing a rapid increase in its urban townships population as well as increase in overweight and obesity, especially amongst adult women. This study investigates on the association of Body Mass Index and food choices in two urban townships -Khayelitsha and Mitchells Plain in Cape Town. About 4 8 individuals from 5 households were interviewed and anthropometric data drawn from the population. Principal component analysis was conducted on food choices using a 4-hour recall. Average Dietary Diversity Score (DDS) was .88 which was less than the South African average. Seven food patterns were identi ed and contribute 8 % of the variations. The results show that about % of adults' sampled were overweight and obese at BMI> 5kg/m . DDS was signi cantly low for most individuals (p= . ) despite % of food prepared at home. The study concludes that inconsistent and distorted dietary patterns and socioeconomic status a ected access to food choices that is evidence of balanced diet, and thereby creating an avenue for the risk of overweight and obesity. Consumer awareness programmes that focus on reducing the risk of obesity needs to be put in place in poor communities to address the problem and risk of poor food choice and obesity.
INTRODUCTION
Overweight and obesity has become a major public health concern worldwide. Women are most susceptible to becoming obese. In 4, more than . billion adults were classi ed as overweight, about % of adults worldwide. Of these, million were obese, translating into a total of % of the world's adult population (WHO, ) . The report also stated that between 8 and 4, the worldwide prevalence of obesity more than doubled. The increasing incidence of overweight and obesity and its accompanying health risks place a major burden on individuals, communities and health care systems throughout the world (Goedecke et al. 5;  ; Kanter & Cabellero, ; Loring & Robinson, 4; WHO, ) .
In Africa, the prevalence of overweight and obesity di ers across region, states and gender. Ng et al. ( 4) show evidence of these disparities in North African Countries; Libyan women had the highest obesity incidence at 57. %, whilst . %of Libyan men were classi ed as obese. Asfaw ( ) found that South African and Senegalese obese patients were far more likely to face the risks of arthritis, asthma, diabetes, and heart diseases than their lean counterparts. Adeboye, Bermano and Catherine ( ) examined the pattern of obesity in Africa. Their investigation con rmed other ndings which indicated a higher prevalence of obesity in urban areas. It pointed to changing food consumption patterns, increased availability of processed foods and less physical activity as contributing factors.
Background of the Study
Over the last nine years, the South African Government has spent more than R billion treating illnesses directly linked to obesity (Mapumulo, 5) . It is predicted that the incidence of non-communicable lifestyle diseases will exceed that of infectious diseases in the near future and the cost to healthcare systems will amount to approximately R8 billion per year (Mapumulo, 5) . Several studies have found strong evidence of obesity eating the fabrics of the South African society. A study conducted between 8 and revealed that 4 % of women in South Africa were obese, which is the highest level of obesity in sub-Saharan Africa (Ng et al., 4) .
The National Income Dynamics Study (NIDS) indicates that more than one-third of women over the age of 8 are obese whilst only % of men were found to be obese.
The South African National Health and Nutrition Survey (SANHANES-) report con rms the NIDS 8 ndings with . % of women classi ed as obese compared to only % of men who were considered obese (DOH, 5) .
Given that obesity and associated risk continue to raise concerns amongst researchers and policy makers in South Africa, not many studies have investigated food choices of people living in urban peripheries in South Africa, and linking their food choices to overweight and obesity. This research is part of a national strategy to understand some of the drivers of overweight and obesity especially amongst the poor. The paper examines the links between food choices and BMI amongst adults in Khayelitsha and Mitchells Plain in Cape Town as well its correlation to the sociodemographic characteristics of the population.
The latest available national data in South Africa on nutrition and health is found in the South Africa National Health and Nutrition Examination Survey (SANHANES-) conducted in . The ndings of SANHANES-do not provide anthropometric data for current BMI amongst adults. However, studies carried out by the Human Science Research Council (HSRC) states that more than % of South African women and about % of men are happy with their body weight (HSRC & MRC, ). Re ecting on the overall ndings in the literature, leads to conclusion that obesity is on the rise in South Africa and amongst one of the highest in sub-Saharan Africa. One of the challenges in addressing obesity problem in South Africa is that the majority of its citizens do not seem to perceive obesity as a health risk or problem as evidenced in Devanatha et al. ( : 4) and Ho mann ( ).
Numerous data sources reveal that women are more likely to be obese than men (Prentice, 5) . This is attributed to physical activity variances, sociocultural factors and biological di erences (Kanter & Cabellero, ). From the period 75 to 4, world obesity has tripled in terms of the number of people who are obese. An analysis of over million people in two hundred countries show increased gender disparities in BMI amongst adults (NCD Risk Factor Collaboration, ). NCD Risk Factor Collaboration ( ) further states that the age-standardized prevalence of obesity for men increased from % in 75 to % in 4 whilst obesity in women increased from % in 75 to 5% in 4. Loring and Robinson ( 4) note that one of the reasons that women tend to be more obese is that they are less likely to participate in physical activity due to traditional gender norms which discourage teenage girls' and women's participation in organised physical activity. This perception is however different in the study area where some researchers have found that women in Khayelitsha see physical activity/ exercise as a strategy for weight loss (BMC Public Health, 5; Draper, et al. ) . Other barriers to participating in physical activities for women and children in urban areas include safe places to exercise, particularly in low income, disadvantaged areas. While many studies con rm that BMI rises with increased age amongst both male and female adults, there is a signi cant correlation between increased body fat and the postmenstrual period for women (Kruger et al. ) .
METHODOLOGY
Data for this study was drawn from the Khayelitsha and Mitchells Plain Survey, funded by the Programme to Support Pro-poor Policy Development (PSPPD) and the Center of Excellence for Food Security at the University of the Western Cape. In the study, 5 households were successfully interviewed representing 87% response rate. About 5 households from Khayelitsha and 5 from Mitchells Plain participated in the study, constituting a sample of 4 7 individuals. Adults constituted 74% of the population. For purpose of this paper, only adults that were e ectively measured for anthropometrics were included in the in this analysis. About 5 adults were e ectively measured for BMI analysis and constituted 45% of adult population 74. The PSPPD project focused on assessing the prevalence of overweight and obesity in the study area and its association to people's food choices. The project report provides general descriptive analysis of the study. In this regard, this paper tests the association of food choices and BMI.
Sampling Technique
The study employed a two-stage cluster sampling technique. This involved selecting clusters of households using probability proportion to size (PPS) at the rst stage and the actual selection of households in the second stage. The choice of cluster sampling technique over simple and systematic random sampling was informed by the fact that the two case study areas were too large geographically and due to the unavailability of lists of households in Khayelitsha and Mitchells Plain. Owing to this, previous surveys such as the Khayelitsha/Mitchells Plain Survey utilized a similar sampling method (Crankshaw et al., ).
In Stage , 5 EAs were selected randomly using probability proportion to size. This was to ensure approximately equal probability of selection. In Stage -Selection of households, 4 households were systematically selected from each EA or cluster selected in stage above, putting sample sizes for Khayelitsha and Mitchells Plain at 5 households. In selecting households, geographic coordinates obtained from Stats SA were used to demarcate EAs. To ascertain the k th house/household for an EA with 5 households, researchers divided the total number of households ( 5 ) by the expected number of households, which is 4 for each selected EA. This gives a K Enumeration Areas value of . Thus, for this particular EA, every th household identi ed was selected for an interview. This is relatively the same for other previous surveys conducted in the same case study areas (see for example Crankshaw et al., ) .
Data Analysis Structure
Data obtained from the survey was statistically analyzed, with the aim of describing phenomena as well as identifying and examining relationships. STATA Version 4 was used to carry out all analytical procedures. As Kreuter and Valliant ( 7) suggest, there are more analytical procedures for survey data in STATA version 4.
Assessment of Obesity and Food Choices
The WHO BMI standards were applied in this study. Researchers on BMI have used di erent methodologies such as weight for age and height for age to estimate body sizes. However, the most commonly acceptable standards for measuring BMI, which has been adopted in this research, is the BMI=Weight/Height measurement for an adult. These measures were classi ed as following using WHO guidelines for BMI cut o s: Underweight (BMI ≤ 8.5), Normal Weight (BMI≥ 8.5 and ≤ 4. ), Overweight BMI (≥ 5. and ≤ . ), Obese Class (BMI≥ . and ≤ 4. ), Obese Class (BMI≥ 5. and ≤ . ), Obese Class (BMI≥4 (WHO, ) (Wang and Chen, ).
Developing the Food Groups to Identify Dietary Patterns
Dietary Diversity Score (DDS) was used to determine food consumption and to assess whether person with high DDS are more likely to become obese. We develop food groups for based on the food choices reported by participants. Instead of a standardized Food Frequency Questionnaire provides by the FAO which stated 8 food groups, participants were rather given the opportunity to state what they ate during the 4-hour recall. The rational was that using the FAO food could have limited the identi cation of speci c food types eaten by respondents since local food contents and composition vary by culture and race. Using an open ended question, respondents stated the type of food consumed which was considered to be their food choices. The objective was to minimise the chances of not being able to record food types that a pre-prepared list of food types may leave out. We measure the association between the size of the households, the demographics characteristics of the households, association of DDS and BMI. We used Principal Component Analysis (PCA) to develop food patterns and use ordinary least square regression to identify association between food group, food patterns and BMI.
RESULTS AND DISCUSSIONS

Socio-demographic Characteristics
In this section we present the socio-demographic characteristics of the population. Gender distribution shows that 58% were females while males make up 4 % of the population. While there were more male respondents in Mitchells Plain than in Khayelitsha, i.e. 4 % and 4 % respectively, there were more female respondents in Khayelitsha than in Mitchells Plain, % and 54% respectively. In general, adult aged 8+ constitute 74% of the sample (n= 75). Across South Africa, the proportion of households headed by women has risen because of the increased economic independence of women (due to the steady feminisation of employment and the expanded access to social grants) as well as changing marital and familial norms. In general, 7% of the population was between the ages 4 to 4 years and mean age was 7 for men and 8 for women.
Household size in South Africa is a key poverty indicator and is relevant for policy development (Maziya et al., 7) . Household sizes for both areas were similar. In Table , households with 4 persons or less constitute 4 % while 4% live in households with 5 to persons and 4% live in households with 7 persons and more. Given that average household size was 5 persons, cumulatively 75% of the sampled population live in a household of to persons. Respondents were asked to report on the overall household income from all persons working or earning an income in the household. The income variable was categorised in range. About 8 8 households (77%) reported on their household income. Table show that 5% of households earned a monthly income of R to R 4 . About % of households earned income above R 4 to 48 and % earned above 48 . About 5% of households earned No income. In , the City Cape report show that % of population Khayelitsha and Mitchells Plain earn no income and 4.4% earned income from R to R 7. This is an indication of high levels of poverty in the area (City of Cape Town, ). 
Prevalence of Overweight and Obesity in Adults
The result of the prevalence of BMI in the study areas showed that average BMI was 7kg/m , and indicates a population that is highly overweight. In Table we show that about % of adults sampled were overweight and obese. When disaggregated, 8% were overweight, % were in their rst stage of obesity, % were in stage two obesity and % were in stage three obesity. The results portray a strong indication of the risk of the increase in overweight and obesity in urban townships in Cape Town. 
Gender and BMI in Khayelitsha and Mitchells Plain
Table shows a gender perspective of BMI in the study area. The result show that 44% of males in Khayelitsha were obese compared to % of males in Mitchells Plain. About % of female respondents in Khayelitsha were of normal weight compared to % of females in Mitchells Plain. Generally females in bother areas were more overweight and obese than their male counterparts. Further, we found that females in Khayelitsha had a higher percentage of obesity compared to females in Mitchells Plain and the reverse was true for overweight where females in Mitchells Plain were more likely to be overweight compared to females in Khayelitsha. There was a signi cantly di erence in BMI by gender. Using a ttest statistics, the mean BMI for female was 7.77 and mean BMI for males was 5. at p-value= . 8. Overall, the study found that mean BMI was signi cantly higher for Khayelitsha than in Mitchells Plain t=3.0420 and p-value=0.0012. This evidence corroborates previous nding on the rise of obesity worldwide and in South Africa in particular Puoane Ng ( 4) states that about 4 % of adults and children su ering from overweight and obesity in sub-Saharan Africa are in South Africa. Thus, from a gender perspective, these results are evidence of weight gain in the study area which needs constructive intervention strategies. In the next section we associate BMI and food types. 
Association of BMI and Food Choices
The main objective of this paper was to rst identify the food choices of people living in urban peripheries in Cape Town. Given the high prevalence of household poverty in the study area, it was necessary to identify the type of food eat and how it could be linked to their weight gain. As already stated in the methodology, food types were identified as the main food choices of the population. The food choices were then grouped in food groups as in seen in Table 4 . The Table  attempts to link food choices and BMI. The results show that cereal produces such as mealies, food made from maize, white bread, traditional fried food made from our also known locally as "Amagwenya", were the most dominant food eaten by the population. Overweight and obese persons eat high in cereal products, meat products and beverages which were most reported as alcohol or beer type drinks. The result indicates that poor communities in Cape Town could be living on a cereal based diet. About 8% of all food types consumed was cereal based which include, porridge, maize and cereal products In order to assess the relationship between choices and body mass in the survey, respondents were asked if the food they ate was their usual food. The result showed that overall, . % of the population indicated that the food they ate was their usual food compared to . % who reported that what they ate was not their usual food. However, despite the percentage di erence in their response, there was no statistically signi cant di erence in their usual food as our X statistics was not signi cant at 5% con dence interval (Pearson X = . 5 P-value = .5 ). The table provides a descriptive perspective of the association of body size and food types as reported during the 4-hour recall. Beverage was highly associated amongst underweight person in the samples. This evidence is consistent with low dietary divert that characterized the population of Khayelitsha and Mitchells Plain as shown below under Dietary Diversity section. While it can be deduced that there is a clear association between energy dense food and obesity, it cannot be concluded that it leads to causation since the cause of obesity is multifaceted. Food rich in micro-nutrients such as vegetables and fruits as wells as pulses were least consumed during the 4-hour recall. This evidence supports previous ndings showing that South African poor are su ering from low dietary diversity as well as high level of cereal based diets (Labadarios et al., & Du Plooy, et al. 8) .
Dietary Diversity Score
Dietary Diversity Score (DDS) was carried out based on the premise that no single food type can provide all the needed nutrients. DDS was conducted by counting the number of food groups consumed by an individual during the 4-hour recall. The mean DDS =3.70 sd=1.73, which was less than the national average of 4 as indicated by Labadarios et al. ( ). About 45% of adults had a DDS of or less. The results showed that households with persons or less had significantly lower DDS at coe cient 6.71 and P-value= 0.035 and households with 4 persons and above were found to have low DDS, but not signi cant. There was a signi cant di erence in the DDS for Khayelitsha and Mitchells Plain Pearson x =102.9647 P-value = 0.000. This di erence is because Mitchells Plain consumed more food groups with women in Mitchells Plain having a higher average of DDS compared to women in Khayelitsha. However, the study did not nd signi cant di erences in DDS by gender. Other studies have majority of South Africans eat food low in DDS (Labadarios et al., ) , and this research corroborate such ndings.
Identifying Food Components Derivatives
This section identi es food patterns that were critical in assessing the relationship between food choices and BMI. We used Principal Component Analysis of food groups derived from food types. Using the food groups namely Cereals, White roots, Pulses, Vegetables, Fruits, Meat, Fish, Milk/chees, Sugar, Fat/Oil, Sausages and Beverages, we extracted seven components with the minimum Eigen value ( ). These seven components explain 8 % of the variation in the model. The correlation matrix from the sample indicates that there was su cient correlation between the variables with correlation coefficient r>.4. The higher the absolute value of the component scores the greater the probability of the food contributing in the overall score of the components (Amugsi et al., ; Smith et al., ; and McCann et al., ). Cereals, Pulses and Milk were loaded on Component , Fat and Sausages on component , Fish and Sugar on Component , vegetable and beverages on Component 4, Meat and meat products loaded on Component 5, White Roots loaded on Component and Fruits loaded highly on Component 7. Given this result, we found that there were no clear dietary patterns looking at the components loading. This seem to suggest that despite the reduction of the food types from the dietary recall, the extraction of seven components does not seem to provide a clarity as to people's dietary patterns. However, the rst component is evident of high consumption of cereals and milk food types. We assess the association of these components by gender to estimate any di erence in terms of components weightings. Using OLS regression analysis presented in Table 5 , we found that Component = Cereals, Pulses and Milk, for men in Khayelitsha and Michells Plain was significantly associated to BMI compared to women at p-value< . 5 significance level. Women in Khayelitsha showed no signi cant association with BMI resulting from the consumption of foods within the food patterns. Whereas, there was signi cant association that a drop in fat and sausages will lead to a drop in BMI for the women in Mitchells Plain, generally, however, three of components/ food pattern showed significant association to BMI. These were Component = Cereals, Pulses and Milk; Component = Fat and Sausages and Component 4= Fruits. From these results it can be deduced that urban townships in Cape Town could be experiencing a distorted food lifestyle pattern that is contributing to their high weight gain.
CONCLUSION
The focus of this research was to identify the association between Body Mass Index (BMI) in relation to people's food choices and socio-demographic characteristics of people living in Khayelitsha and Mitchells Plain in Cape Town. It is evident that more than % of the population sampled was overweight and obese. The results portray a strong indication of the risk of an increase in overweight and obesity in the study areas. Women continue to show higher prevalence incidences compared to men thus indicating the need for a possible intervention mechanism that aims at reducing weight gain for women in particular.
The food type consumed was predominantly carbohydrate. There is evidence of low consumption of vegetables and fruits which are rich in micro nutrients. The root cause of the increase prevalence of overweight and obesity amongst adults is multidimensional and needs continues multidimensional approaches to underpin the key factors driving weight gain in South Africa, especially in urban peripheral townships. Despite evidence of food choices in this study contributing to weight gain, the results are insu cient and inconclusive. This study found evidence of poor dietary diversity and eating lifestyle to be contributing to weight gain. Majority of households are not only nancially poor, but exhibit dietary poverty. Dietary patterns were found to be inconsistent and somewhat distorted and making it di cult to identify a clear dietary patterns. This evidence suggests that the urban peripheral dwellers in Cape Town, majority of which depend on social grants, cannot a ord food pattern that is evidence of balanced diet.
Price is often reported as a barrier to the purchase and consumption of healthy foods. Hence, it is recommended that strategies that increase incentives for purchasing healthier food options be pursued. Consumer awareness and programmes that focus on reducing the risk of obesity needs to be put in place in poor communities to address the problem of obesity. In addition, as discussed in this study, to prevent obesity, the multi-sectoral population-based action is required, targeting the most vulnerable group of people. 8 (https://www.gov.za/documents/departmenthealth-annual-report-4 5--oct-5-) Devanathan, R., Esterhuizen, T.M. and Govender, R.D., ( ). Overweight and obesity amongst Black women in Durban, KwaZulu-Natal: A 'disease' of perception in an area of high HIV prevalence. African journal of primary health care & family medicine, 5( ) pp. -7.
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